These clinical findings firstly suggest that, in humans, despite its high degree of lateralisation, the motor system remains bilateraly distributed in the brain and may be bilaterally involved in the execution of motor tasks. Bilateral activation of motor cortices during the performance of unilateral motor tasks in normal subjects has been documented. Colebatch and Gandevia4 and Sabatini et al,5 using PET and SPECT respectively, failed to detect any ipsilateral activation in normal subjects executing unilateral motor tasks. Concurently, Shibasaki et al showed that the performance of complex motor tasks was accompanied by a bilateral activation of motor cortices. 6 Studies with PET emphasised the influence of the healthy hemisphere in the process of recovery after a stroke.78 They suggest the existence of a functional ipsilateral motor pathway. 9 Secondly, the clinical finding of an ipsilateral motor deficit in patients with hemiplegic stroke raises the question of the participation of ipsilateral motor pathways in the processes of recovery after a stroke.
This clinical study aimed prospectively: (1) to assess the presence of a left motor deficit in patients with acute right hemiplegia using a set of complementary tests including isokinetic testing of force; (2) to characterise the type and topography of the deficit; and (3) to describe its time course during the first three months after the stroke.
Subjects and methods

PATIENTS AND CONTROLS
Patients
Fiftreen of 24 consecutive patients (10 men, five women; mean age 65-6 (SD 14.3)) referred to the neurology department for acute right vascular hemiplegia were included. They were selected according to the presence of the following criteria:
* They all had a first right sided motor deficit of abrupt onset (affecting arm and leg) corresponding to a single vascular left hemispheric lesion. All lesions were unique and were confirmed by CT. Twelve were ischaemic (six striatocapsular infarctions, five infarctions of the superficial sylvian artery territory, one large sylvian infarction involving deep and superficial sylvian artery territory) and three were haemorrhagic (basal ganglia haematomas).
* They were able to perform the tests used in this study * They were free of other disease. All of them were right handed. Ten showed mild to moderate aphasic symptoms, but at the time of the study, their language was good enough to allow the performance of the motor tests in apropriate conditions. A mild right sensory deficit was present in nine patients. None of them had any orthopaedic or cardiac symptoms which could interfere with the performance of isokinetic motor tests.
The right motor deficit was assessed using the combination of three validated indexes: the trunk control test, a motor function index, and the Ashworth scale. [10] [11] [12] [13] The data were rescaled so that the maximum score did not exceed 100.
Nine of the 24 patients patients could not be included in the study and were rejected: three of them died before the 50th day; two patients were unable to participate because of severe aphasic symptoms; two others had another disease which could have interfered with the results of the tests; and two patients refused to participate in the study.
Controls
A control group of 16 healthy right handed sedentary subjects (mean age 65 (15 7)) (10 men, six women) matched for age and sex and also height (H), weight (W), and body mass index (BMI = H/W2), was selected, as human strength partly depends on anthropometric data, particularly for weight bearing muscles.
MOTOR FUNCTION OF LEFT LIMBS
We studied the motor function on the left side of the patients and of their controls with four validated tests.
Hand dynamometer
The purpose of this test was to measure the strength or intensity of the voluntary movements of the hand. 1415 We used dynamometer model 68810, Vitalsigns TM, Japan. The length of the dynamometer stirrup was adjusted to the size of the subject's hand. The subjects held the upper part of the dynamometer in the palm of their left hand, their arm down at the side and away from the body. They were asked to squeeze the stirrup with their fingers as hard as possible. The grip strength was recorded in kg. Three consecutive tests with five minutes rest were performed. We used the highest of the three trials.
Isokinetic dynamometer
The isokinetic dynamometer"6 aims at recording the joint moment of force when the contracting muscles cause the joint to rotate at a predetermined angular rate. Such contractions approximate to isokinetic conditions within the muscle and can be used to determine the forcevelocity characteristics in vivo. Hence it allows assessment of phasic strength. At low speed, the method correlates satisfactorily with isometric measurements and its reproducibility has been found to be better. ' The shoulder and knee were not tested. We did not test the shoulder because orthopaedic dysfunction is often present in that age class. We found the knee difficult to test with this technique as it requires the patients to be sitting and their axial musculature to participate.
We have used the usual standardised positioning of the subject and a full description is given by Davis22 and the user's guide of Cybex 6000 (Cybex Division of LUMEX, Ronkonkoma, New York, USA)
The subject was lying down on the Cybex table and was stabilised by a pelvic belt and a torso belt for isokinetic testing of the hip, ankle, and elbow. For the wrist the subject was seated and stabilised on the chair by a pelvic belt and a torso belt. Joints and segments not involved in the measurements were fastened by straps.
The axis of rotation of the dynamometer was placed in front of the joint axis. An adjustable arm with strapped thigh pad (hip), or hand grips (elbow and wrist), or footstrap (ankle) allowed the tested segment of the left limb to rotate the dynamometer axis. Full range of motion was tested except for the hip, in which range limitations reduced the motion from -100 extension to +90°flexion to avoid low back pain. The computer procedure allowed the impact of gravity to be measured and gravity error to be corrected at the same time. For all these joints the value recorded was the maximum moment or peak torque measured in Newton meters (Nm).
Finger tapping
The purpose of this test'4 was to measure the motor speed of the index finger."' The subject was asked to tap for 10 seconds as quickly as possible with the left index finger on a computer key (MacIntosh LCII, Apple Computer Inc, Cupertino, CA, USA). The subject's left hand was placed palm down, index finger on the key. The investigator was careful that the subject moved only the index finger. The number of taps was automatically recorded by the computer. Five consecutive trials were recorded for each subject. When the results were too variable from one trial to another (more than a five point range from fastest to slowest) additional trials were run and the scores of the deviant trials were discarded. A maximum of 10 trials was allowed. A period of five minutes rest was given after each trial. We considered the mean of the best five trials.
Nine hole peg test
The purpose of this test was to measure finger and hand dexterity or accuracy.'0 The subject was asked to place nine pegs in nine holes and to remove them with the left hand as quickly as possible. We used nine wooden dowels of 9 mm diameter and 32 mm length. The board was a wooden base with nine holes (10 mm diameter, 15 The presence in our study of a deficit of motor execution (force) prevents validation of any apraxia. Moreover, as a left sided motor deficit exists, perhaps apraxic symptoms currently detected by practioners when they test the motor function of the supposed healthy side of right hemiplegic patients are not really related to apraxia and apraxia is sometimes overdiagnosed.
Ipsilateral motor deficits have already been reported in patients with hemispheric lesions affecting skilled sensory-motor tasks such as the pegboard task.25 Conflicting results appeared concerning finger tapping and grip strength.26 28 Some authors found a significant impairment2628 which was not recorded by others. 27 Colebatch and Gandevia measured the moment created by an isometric effort in a population of 20 hemiplegic patients at different times after their stroke.4 They also found an impairment of the supposed healthy side. The deficit prevailed on shoulder abduction and wrist extension4 and the lower limb was globally affected.3
Concurrently, Jones et aP found in a population of eight hemiplegic patients an impairment of handgrip and of shoulder motor function of the healthy side. This deficit recovered within the first month. They also recorded an impairment of visuomotor coordination of the healthy side.
Hence at least three different studies, using different protocols and populations, found an impairment in motor performance of the supposed healthy side after stroke. This is in agreement with our findings. Nevertheless the usual controlateral answer but also induced an ispsilateral evoked potential which occurred 4 ms later on average than the contralateral one. This ipsilateral answer was also smaller than the contralateral one. These results suggest that in this group another mechanism for mirror movement could be identified which could implicate an oligosynaptic ipsilateral motor pathway even after maturation of the corticospinal tract. This pathway might participate in the recovery processes of acquired hemiplegia.
In a population of patients with hemispherectomy, Benecke et all3 found comparable results. The magnetic stimulation of the unaffected hemisphere provided both ipsilateral and controlateral potentials. The amplitudes of ipsilateral compound muscle action potentials roughly correlated with their individual residual motor capacities and showed a proximal-distal gradient. In patients with early brain damage the ipsilateral potential had short latencies and large amplitudes, whereas patients with later acquired brain damage presented long latencies and small amplitude.
Comparable results were found in patients with a degenerated pyramidal tract. 35 Overall, these reports suggest that the reinforcement of the ipsilateral motor pathways may play a dominant part in the ipsilateral motor control of patients with brain damage. The efficiency of this control seems to be greater when the lesion occurs early in life. Our results provide some arguments to suggest that this ipsilateral motor control also exists at the beginning of the stroke even in the adult population.
A fuller characterisation of ipsilateral motor pathways remains to be achieved. Two main hypotheses need to be tested. A transcallosal inhibitory pathway disrupted on hemispheric lesion has been proposed by some authors. A twice crossed spinal tract was proposed by others [33] [34] [35] [36] [37] We suggest that ipsilateral deficit must be taken into account in the rehabilitation procedures. This aspect needs to be tested precisely.
